
(19) United States 
US 20090239386A1 

(12) Patent Application Publication (10) Pub. No.: US 2009/0239386 A1 
SUZAK et al. (43) Pub. Date: Sep. 24, 2009 

(54) PRODUCING METHOD OF (30) Foreign Application Priority Data 
SEMCONDUCTOR DEVICE AND 
SUBSTRATE PROCESSINGAPPARATUS Sep. 19, 2003 (JP) ......................... NO. 2003-327358 

(76) Inventors: Kenichi SUZAKI, Toyama Shi 
(JP); Jie Wang, Toyama-shi (JP) 

Correspondence Address: 
BRCH STEWARTKOLASCH & BRCH 
PO BOX 747 
FALLS CHURCH, VA 22040-0747 (US) 

(21) Appl. No.: 12/404.915 

(22) Filed: Mar. 16, 2009 

Related U.S. Application Data 

(62) Division of application No. 10/572,396, filed on Jun. 6, 
2007, filed as application No. PCT/JP04/13678 on 
Sep. 17, 2004. 

Publication Classification 

(51) Int. Cl. 
HOIL 2L/30 (2006.01) 
C23C I6/56 (2006.01) 

(52) U.S. Cl. .................. 438/758; 118/724; 257/E21.211 

(57) ABSTRACT 

Disclosed is a producing method of a semiconductor device, 
comprising: loading a substrate into a reaction furnace; form 
ing a film on the Substrate in the reaction furnace; unloading 
the substrate from the reaction furnace after the film has been 
formed; and forcibly cooling an interior of the reaction fur 
nace in a state where the Substrate does not exist in the 
reaction furnace after the substrate has been unloaded. 
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PRODUCING METHOD OF 
SEMCONDUCTORDEVICE AND 

SUBSTRATE PROCESSINGAPPARATUS 

0001. This application is a Divisional of co-pending appli 
cation Ser. No. 10/572,396 filed on Jun. 6, 2007, and for 
which priority is claimed under 35 U.S.C. S 120. application 
Ser. No. 10/572,396 is the national phase of PCT Interna 
tional Application No. PCT/JP2004/013678 filed on Sep. 17, 
2004 under 35 U.S.C.S 371. The entire contents of each of the 
above-identified applications are hereby incorporated by ref 
erence. This application also claims priority of Application 
No. 2003-327358 filed in Japan on Sep. 19, 2003 under 35 
U.S.C. S 119. 

TECHNICAL FIELD 

0002 The present invention relates to a producing method 
of a semiconductor device and a substrate processing appa 
ratus, and more particularly, to a producing method of a 
semiconductor device and a substrate processing apparatus 
which use CVD (Chemical Vapor Deposition) processing for 
reducing fine particles generated in a producing process. 

BACKGROUND ART 

0003. In a process for producing a semiconductor device, 
a film is formed on a Substrate to be processed Such as a wafer 
using chemical vapor deposition (CVD) method. 
0004. The film is formed in the following manner. That is, 
a predetermined number of wafers are mounted on a boat. The 
wafers mounted on the boat are loaded into a reaction furnace. 
The reaction furnace is evacuated, reaction gas is introduced 
into the reaction furnace, and films are formed on the wafers. 
0005. After the film formation is completed, the pressure 
in the reaction furnace is returned to the atmospheric pres 
sure, and the boat is unloaded. The boat is cooled in a state in 
which the boat is completed pulled out from the furnace. At 
the same time, the temperature in the reaction furnace is 
lowered, and gas purging (decompression N purging) is car 
ried out. With the gas purging, stress of deposited film 
adhered to an inner wall of the reaction furnace is increased to 
allow a cracking to produce in the deposited film, and fine 
particles generated when the cracking is produced is elimi 
nated by the gas purging (see Japanese Patent Application 
Laid-open Publication No. 2000-306904). 

DISCLOSURE OF THE INVENTION 

0006. In this case, when the temperature in the furnace is 
lowered in a state where the processed substrates are 
unloaded from the reaction furnace, the temperature in the 
furnace is lowered from the film forming temperature to about 
150° C. over several tens of minutes, e.g., 50 minutes at 
natural air cooling temperature lowering rate (s3° C./min). 
However, with the temperature lowering rate of about 3° 
C./min, the particle discharging effect obtained by forcibly 
generating a cracking in the deposited film (film cracking 
generated when thermal stress caused by difference of coef 
ficient of thermal expansion between the deposited film and a 
quartz reaction tube exceeds a tolerance limit value (mechani 
cal disruptive strength of the deposited film)) is low. Espe 
cially in processing of p300 mm wafer, it is found that a large 
number of particles are generated when the accumulated film 
thickness exceeds 1.2 Lum and in the processing of p300 mm 
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wafer, the particle reducing effect is extremely low. Further, 
since about 50 minutes are required for reducing the tempera 
ture (s3°C/min) by natural air cooling, there is a problem 
that availability rate of the Substrate processing apparatus 
(semiconductor producing apparatus) is lowered and the pro 
ductivity is deteriorated. 
0007. It is a main object of the present invention to provide 
a producing method of a semiconductor device and a Sub 
strate processing apparatus having excellent particle reducing 
effect and capable of enhancing the productivity. 
0008 According to an aspect of the present invention, 
there is provided a producing method of a semiconductor 
device, comprising: 
0009 loading a substrate into a reaction furnace; 
0010 forming a film on the substrate in the reaction fur 
nace, 
0011 unloading the substrate from the reaction furnace 
after the film has been formed; and 
0012 forcibly cooling an interior of the reaction furnace in 
a state where the substrate does not exist in the reaction 
furnace after the substrate has been unloaded. 
0013. According to another aspect of the present inven 
tion, there is provided a producing method of a semiconduc 
tor device, comprising: 
0014 loading a substrate into a reaction furnace; 
0015 forming a film on the substrate in the reaction fur 
nace, 
0016 unloading the substrate from the reaction furnace 
after the film has been formed; and 
0017 after the substrate has been unloaded and in a state 
where the substrate does not exist in the reaction furnace, 
lowering a temperature of the interior of the reaction furnace 
to a temperature lower than a film forming temperature simul 
taneously with gas-purging the furnace in a state where a 
pressure in the furnace is equal to the atmospheric pressure. 
0018. According to still another aspect of the present 
invention, there is provided a producing method of a semi 
conductor device, comprising: 
0019 loading a substrate into a reaction furnace; 
0020 forming a film on the substrate in the reaction fur 
nace, 

0021 unloading the substrate from the reaction furnace 
after the film has been formed; and 
0022 after the substrate has been unloaded and in a state 
where the substrate does not exist in the reaction furnace, 
lowering a temperature of the interior of the reaction furnace 
to a temperature lower than a film forming temperature, 
simultaneously with Supplying gas into the furnace and 
exhausting the furnace using an exhaust line which is differ 
ent from an exhaust line used in the film forming. 
0023. According to still another aspect of the present 
invention, there is provided a producing method of a semi 
conductor device, comprising: 
0024 loading a substrate into a reaction furnace; 
0025 forming a film on the substrate in the reaction fur 
nace, 

0026 unloading the substrate from the reaction furnace 
after the film has been formed; and 
0027 after the substrate has been unloaded and in a state 
where the substrate does not exist in the reaction furnace, 
once increasing a temperature of the interior of the furnace to 
a temperature higher than a film forming temperature and 
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thereafter lowering the temperature of the interior of the 
reaction furnace to a temperature lower than a film forming 
temperature. 
0028. According to still another aspect of the present 
invention, there is provided a Substrate processing apparatus, 
comprising: 
0029 a reaction furnace for forming a film on a substrate; 
0030 a film-forming gas supply line through which a film 
forming gas is Supplied into the reaction furnace; 
0031 a purge gas Supply line through which purge gas is 
Supplied into the reaction furnace; 
0032 an exhaust line through which the reaction furnace 

is exhausted; 
0033 a transfer device which loads and unloads the sub 
strate to and from the reaction furnace; 
0034 a forcibly cooling device which forcibly cools an 
interior of the reaction furnace, and 
0035 a controller which controls the forcibly cooling 
device to forcibly cool the interior of the reaction furnace in a 
state where the substrate does not exist in the reaction furnace 
after the substrate is unloaded from the reaction furnace. 

BRIEF DESCRIPTION OF THE FIGURES IN THE 
DRAWINGS 

0036 FIG. 1 is a schematic longitudinal sectional view for 
explaining a substrate processing apparatus according to a 
preferable embodiment of the present invention; 
0037 FIG. 2 is a schematic longitudinal sectional view for 
explaining a substrate processing apparatus according to a 
preferable embodiment of the present invention; 
0038 FIG.3 is a diagram showing a wafer processing flow 
according to a preferable embodiment of the present inven 
tion; 
0039 FIG. 4 is a diagram showing a relationship between 
a temperature lowering width at the time of a LTP operation 
according to a first example of the present invention and 
particles; 
0040 FIG. 5 is a diagram showing a relationship between 
a temperature lowering rate at the time of a LTP operation 
according to a second example of the present invention and 
particles; and 
0041 FIG. 6 is a diagram showing a relationship between 
a accumulated film thickness at the time of a LTP operation 
according to a third example of the present invention and 
particles. 

PREFERABLE MODE FOR CARRYING OUT 
THE INVENTION 

0042. In a preferred embodiment, in a state where a sub 
strate is taken out from the reaction furnace, an interior of the 
reaction furnace is abruptly cooled by a heater having a quick 
cooling mechanism at a temperature lowering rate of 10° 
C./min or more, preferably 20°C/min or more, thereby forc 
ibly generating a cracking in a deposited film formed in the 
reaction furnace, fine particles generated when the cracking is 
generated is forcibly discharged by atmospheric pressure gas 
purge, fine particles adhering to a wafer are reduced, the 
cleaning frequency of the reaction furnace is reduced, and 
productivity is enhanced. 
0043 A preferable embodiment of the present invention 
will be explained with reference to the drawings. A semicon 
ductor producing apparatus as a Substrate processing appara 
tus which carries out CVD film forming processing of the 
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preferred embodiment will be explained with reference to 
FIG. 2. The semiconductor producing apparatus shown in 
FIGS. 1 and 2 is a hot wall type batch processing type vertical 
semiconductor producing apparatus. 
0044 FIG. 1 shows a state where a boat 9 on which the 
wafers 10 are mounted is loaded into the reaction furnace 1, 
and a lower opening of a furnace opening flange 2 is closed 
with a furnace opening seal cap 12. FIG.2 shows a state where 
the boat 9 on which the wafers 10 are mounted is unloaded 
from the reaction furnace 1 into a transfer chamber 11, and the 
lower opening of the furnace opening flange 2 is closed with 
a furnace opening gate valve 13. 
0045. The reaction furnace 1 of a hot wall type, and 
includes the metal furnace opening flange 2, a quartz outer 
tube 3 which air-tightly stands on the furnace opening flange 
2, a quartZinner tube 4 which stands concentrically within the 
quartz outer tube 3, and a heater 5 provided outside of the 
quartz outer tube 3 Such as to Surround the quartz outer tube 
3 

0046. A forcibly cooling mechanism 40 is provided such 
as to cover the quartz outer tube 3 and the heater 5. The 
forcibly cooling mechanism 40 includes a thermal insulation 
cover 41 covering the quartz outer tube 3 and the heater 5, a 
Supply line 42 which is in communication with an interior 
space of the thermal insulation cover 41, and an exhaust line 
43 which is in communication with the interior space of the 
thermal insulation cover 41 through an exhaust hole 44 
formed in a ceiling of the thermal insulation cover 41. The 
supply line 42 is provided with a shutter 47, a radiator 48 and 
an exhaust blower 49. 

0047 Gas introducing line 6 and 7 are in communication 
with an interior of the reaction furnace 1 for introducing 
reaction gas, and an exhaust line 30 is also in communication 
with the interior of the reaction furnace 1. The gas introducing 
line 6 and 7 are connected to the furnace opening flange 2 at 
a location lower than a lower end of the quartz inner tube 4. 
The exhaust line 30 is connected to the furnace opening flange 
2 at a location lower than a lower end of the quartz outer tube 
3 and upper than the lower end of the quartz inner tube 4. The 
exhaust line 30 includes a main exhaust line 31 which is in 
communication with an exhaust apparatus 8 such as a vacuum 
pump, a HFV (high flow vent) line 3 which is branched off 
from the main exhaust line 31, a slow exhaust line (now 
shown) which is branched off from the main exhaust line 31, 
and an overpressure preventing line 33 and a nitrogen gas 
introducing line 34 which are branched off from the main 
exhaust line 31. An APC valve as a main valve is provided on 
the main exhaustline 31 downstream from the branch point of 
the flow vent line 32. A slow exhaust line is provided such as 
to bypass the APC valve. 
0048. The high flow vent line 32 is in communication with 
an exhaust system of a building service. Exhaust flow rate of 
the high flow vent line 32 is greater than those of the main 
exhaust line 31, the slow exhaust line (not shown) and the 
overpressure preventing line 33, and gas of high flow rate can 
flow through the high flow vent line 32 at atmospheric pres 
sure. An inner diameter of the high flow vent line32 is smaller 
than that of the main exhaust line 31, and is greater than those 
of the slow exhaust line (not shown) and the overpressure 
preventing line 33. The high flow vent line 32 includes a valve 
35. By switching between the valve 35 and the APC valve, the 
exhaust route can be switched between the main exhaust line 
31 and the high flow vent line 32. 
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0049. The overpressure preventing line 33 includes a valve 
36 and a check valve 37. If the pressure in the main exhaust 
line 31, i.e., in the reaction furnace 1 becomes equal to or 
higher than the atmospheric pressure, the check valve 37 is 
opened, atmosphere in the main exhaust line 31 is exhausted 
through the check valve 37. Therefore, the pressure in the 
main exhaust line 31, i.e., in the reaction furnace 1 is pre 
vented from becoming overpressure higher than the atmo 
spheric pressure. 
0050. A boat elevator 15 as boat transfer (vertically mov 
ing) means is provided in a Substrate transfer chamber 11 
below the reaction furnace 1. The boat is moved upward and 
downward to load and unload the boat 9 into and out from the 
reaction furnace 1. The wafers 10 which are substrates to be 
processed are mounted in a multi-stacked manner at distances 
from one another in a horizontal attitude. The boat 9 may be 
made of quartz. 
0051. As shown in FIG. 1, in a state where the boat 9 is 
loaded into the reaction furnace 1 and the lower opening of 
the furnace opening flange 2 is closed with the furnace open 
ing seal cap 12, the furnace opening gate valve 13 is in a 
standby status at a standby position 14. When the boat 9 is 
unloaded into the transfer chamber 11 from the reaction fur 
nace 1 as shown in FIG. 2, the lower opening of the furnace 
opening flange 2 is closed with the furnace opening gate valve 
13. 
0052 A control apparatus 20 controls heating operation of 
the heater 5, cooling operation of the forcibly cooling appa 
ratus 40, introducing operation of gas of the gas introducing 
line 6 and 7, selecting operation of the exhaust line by switch 
ing between the valves, and exhausting operation of the 
exhaust line. 
0053 A method for forming films on semiconductor sili 
con wafers using CVD as one process of a producing step of 
semiconductor devices using the apparatus will be explained 
with reference to FIGS. 1 to 3. In the following explanation, 
operations of various members constituting the apparatus are 
controlled by the control apparatus 20. 
0054 As described above, the substrate transfer chamber 
11 exists below the reaction furnace 1, and in a state where the 
boat 9 is lowered into the substrate transfer chamber 11, a 
predetermined number of wafers 10 are charged into the boat 
9 (Wafer Charge) by a substrate transfer device (not shown). 
In this state, atmosphere in the reaction furnace 1 is main 
tained under the atmospheric pressure, and when the wafers 
10 are charged into the boat 9, inert gas, e.g., N is introduced 
into the reaction furnace 1 at the same time. At that time, the 
temperature in the reaction furnace 1 is set to 600° C. 
0055. Next, the boat 9 is moved upward by the boat eleva 
tor 15, and the boat 9 is loaded into the reaction furnace 1 
(Boat Load) whose temperature is set to 600° C. After the boat 
9 is loaded into the reaction furnace 1, the reaction furnace 1 
is evacuated slowly (Slow Pump) by the exhaust apparatus 8 
through the slow exhaust line. When the pressure in the reac 
tion furnace 1 is lowered to a predetermined pressure, the 
APC valve is opened, the reaction furnace 1 is evacuated by 
the exhaust apparatus 8 through the main exhaust line 31, and 
the pressure in the reaction furnace 1 reaches a predetermined 
pressure. 
0056. The temperature in the reaction furnace 1 is 
increased from 600° C. to 730° C. to 800° C., e.g., to the film 
forming temperature of 760° C. (Ramp Up), and when the 
wafer temperature reaches the film forming temperature and 
is stabilized (Pre Heat), reaction gas is introduced into the 
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reaction furnace 1 from the gas introducing line 6 and 7, and 
films are formed on the wafers 10 (Depo). For example, when 
an SiNa film (nitride silicon film, Sin hereinafter) is to be 
formed on the wafer 10, gas such as DCS (dichlor silane 
(SiH2Cl2)) and NH3 is used. In this case, the temperature in 
the reaction furnace 1 is maintained at the film forming tem 
perature of 730° C. to 800° C. 
0057. After the film forming processing is completed, gas 

is exhausted from the reaction furnace 1 while introducing 
inert gas (e.g., N2) into the reaction furnace 1, thereby carry 
ing out gas purging in the reaction furnace 1, and residual gas 
is purged (Purge). Thereafter, the main valve is closed, the 
introduction of the inert gas is maintained, and the pressure in 
the reaction furnace 1 is returned to the atmospheric pressure 
(Back Fill). Then, the wafers 11 formed with films supported 
by the boat 9 are lowered by the boat elevator from the 
reaction furnace 1, and are unloaded into the Substrate trans 
fer chamber 11 (Boat Down). 
0058. The temperature in the furnace is lowered from 760° 
C. to 700° C. before the boat 9 is unloaded for increasing the 
unloading speed of the boat. If the temperature in the reaction 
furnace 1 when the boat is unloaded is lower than the film 
forming temperature (760° C.), a temperature difference or 
variation over the entire surface of a wafer when the boat is 
unloaded can be reduced, and a flexure amount of a wafer can 
be reduced. In such a state, the boat can be moved down 
swiftly without affecting the wafer. The temperature is 
slightly lowered also for moderating thermal influence on 
peripheral members when the boat is unloaded. 
0059. After the boat is unloaded, an opening of the reac 
tion furnace (boatin/out opening), the opening of the furnace 
opening flange 2 is closed air-tightly with the furnace opening 
gate valve 13 (see FIG. 2). Then, wafers 10 after the films are 
formed are cooled in the substrate transfer chamber 11 (Wafer 
Cool). The cooling operation of the wafers 10 in the substrate 
transfer chamber 11 is completed, the wafers 10 are dis 
charged from the boat 9 by a substrate transfer device (not 
shown) (W/F Discharge) 
0060. Together with the cooling operation of the wafers 10 
(Wafer Cool) and the discharging operation of the wafers 
(WF Discharge), gas purging is carried out using inert gas in 
a state where the air-tightly closed reaction furnace 1 is 
brought into the atmospheric pressure. For example, N2 purg 
ing is carried out. When purging is carried out, it is preferable 
that while supplying N2 of large flow rate of 20 L/minor more 
into the reaction furnace 1, gas is exhausted through the high 
flow vent line 32 which is branched off from the main exhaust 
line 31. In this case, the valve 35 is opened, and the main valve 
is closed. 
0061 Simultaneously with the purging in the furnace in 
the atmospheric pressure State, the temperature in the reaction 
furnace 1 is reduced at greater temperature lowering rate (s3° 
C./min) than the temperature lowering rate at the time of 
natural cooling operation by the forcibly cooling mechanism 
40, and the temperature in the furnace is abruptly varied. With 
this, stress of the deposited film adhered to the reaction fur 
nace 1 is increased as compared with the natural cooling 
operation to positively generate the thermal stress, and a 
cracking more than the natural cooling operation is forcibly 
generated in the deposited film. Fine particles scattered when 
the cracking is generated are forcibly and efficiently dis 
charged out from the reaction furnace by the purging in the 
furnace in the atmospheric pressure state. When the tempera 
ture in the furnace is lowered by the forcibly cooling mecha 
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nism 40, the shutters 46 and 47 are opened, atmospheric gas 
of high temperature in the thermal insulation cover 41 is 
exhausted by the exhaust blower 49, and cooling medium 
Such as air and N is introduced into the thermal insulation 
cover 41 by the introduction blower 45. 
0062. It is preferable that the temperature lowering rate is 
at least 10°C/min or more, and more preferable 20°C./min 
or more. Concerning the temperature reduction in the fur 
nace, the temperature in the reaction furnace 1 is lowered to 
about/2 (50%) or lower of at least the film forming tempera 
ture. That is, the temperature lowering width (amount) is set 
to about /2 (50%) or more of at least the film forming tem 
perature. For example, when the film forming temperature is 
about 730 to 800° C., the temperature in the reaction furnace 
1 is lowered from 800° C. to 400° C. 

0063. Before the temperature in the reaction furnace 1 is 
lowered, the temperature in the reaction furnace 1 is once 
increased higher than the film forming temperature and then, 
the temperature may be reduced lower than the film forming 
temperature. In the case of FIG. 3, after the boat is moved 
down, the temperature in the reaction furnace 1 is once 
increased higher than the temperature in the furnace (700° C.) 
when the boat is moved down and increased to 800° C. which 
is higher than the film forming temperature (760° C.) at the 
temperature increasing rate of 40°C./min and then, the tem 
perature in the furnace is reduced to 400°C. which is lower 
than the film forming temperature at the temperature lowering 
rate of 20°C/min. If the temperature in the furnace is once 
increased before it is lowered in this manner, the temperature 
lowering width (temperature difference) can be increased 
without lowering the temperature of the temperature-lower 
ing end so much and thus, the temperature increasing time 
after the temperature is lowered can be shortened. 
0064. The temperature in the furnace is increased before 
the temperature is lowered so as to increase the temperature 
difference (temperature lowering width) without reducing the 
temperature-lowering end so much. This operation can be 
omitted but in Such a case, the temperature difference (tem 
perature lowering width) is reduced, and the particle-reduc 
ing effect is deteriorated. To prevent the particle-reducing 
effect from being deteriorated, it is necessary to lower the 
temperature of the temperature lowering end to increase the 
temperature difference (temperature lowering width), but in 
Such a case, the temperature increasing time after the tem 
perature is lowered is increased, and the throughput is dete 
riorated. 

0065. Also when the temperature is increased before the 
temperature in the furnace is lowered, the temperature in the 
furnace is abruptly varied. Therefore, it is conceived that 
cracking to some extent is generated in the deposited film 
which is adhered to the furnace. However, according to the 
theoretical calculation, it is conceived that stress difference 
between quartz (furnace wall) and the deposited film is 
increased when the temperature in the furnace is lowered, and 
cracking is more prone to be generated. 
0066. As an experiment, purging was carried out while 
lowering the temperature in the furnace from 800° C. to 400° 
C. slowly without forcibly cooling (abruptly cooling) the 
furnace. As a result of the experiment, cracking was not 
generated so much in the deposited film adhered to the fur 
nace, and the effect was insufficient. That is, it was found that 
sufficient effect could not be obtained only by increasing the 
temperature difference (temperature lowering width). To 
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obtain sufficient effect, it is necessary to increase both (1) 
temperature difference (temperature lowering width) and (2) 
temperature lowering speed. 
0067. If the gas purging is carried out simultaneously with 
the forced cooling in the furnace using inert gas in the reaction 
furnace 1 under the atmospheric pressure, there is a merit that 
the particle eliminating effect is greater as compared with the 
gas purging carried out under a reduced pressure. This is 
because that the number of molecules and the number of 
atoms which carry foreign matters under the atmospheric 
pressure are greateras compared with those under the reduced 
pressure, and energy for carrying foreign matters is greater. 
0068. If N2 molecules are exhausted by a vacuum pump 
such as a turbo molecule pump or the like, since the N2 
molecules are roughly exist in the gas flow and average free 
path of the N2 molecule is large, even if the flow speed of N, 
molecule is increased, it is difficult to discharge particles as 
molecule flow. This is because that the probability that 
Brownian moving particles by heat do not collide against the 
N2 molecules and drop by gravitation is high. 
0069. In the case of exhausting operation under the atmo 
spheric pressure, although the gas flow speed becomes as 
slow as about 10 cm/min, since N2 molecules finely exist in 
the gas flow and collide against particles, it is easy to exhaust 
the particles. This is because that wind of N2 gas blows from 
introducing side toward exhausting side in the furnace, and 
the wind blows off the particles out from the furnace. 
0070 For comparison, gas purging was carried out in a 
furnace under a reduced pressure and under the atmospheric 
pressure as experiments, and it was found that the particle 
eliminating effect of gas purging under the atmospheric pres 
Sure is much more excellent as compared with gas purging 
under the reduced pressure. 
0071. In the case of purging under the reduced pressure, a 
step for returning the pressure in the furnace to the atmo 
spheric pressure after the purging is required and time loss is 
generated. In the case of purging under the atmospheric pres 
Sure, there is a merit that such a step is unnecessary and the 
purging time can be shortened. 
0072. In the case of the purging under the reduced pres 
Sure, by-product which is adhered to an exhaust system or 
periphery thereof sublimes and flows backward into the fur 
nace in some cases, but in the case of the purging under the 
atmospheric pressure, Such a problem is not caused. 
(0073. When the interior of the furnace is only cooled forc 
ibly and purging is not carried out, generated particles drop 
onto the furnace opening gate valve 13. Particles which drop 
to the furnace opening gate valve 13 are retracted to an evacu 
ation position 14 in a state where the particles are held on the 
furnace opening gate valve 13 when next films are formed. 
That is, next films are to be formed, it is possible to create a 
state where no particles exist in the furnace so that particles do 
not affect the next film forming operation. The furnace open 
ing gate valve 13 is provided at its upper Surface with grooves 
(recesses), and the dropped particles can be accommodated in 
the grooves. Therefore, when the furnace opening gate valve 
13 is to be moved to the evacuation position 14, the particles 
can be prevented from dropping. The evacuation position 14 
may be provided with a particle removing mechanism (Suck 
ing means or the like), and particles on the furnace opening 
gate valve may be removed while the furnace opening gate 
valve 13 is retracted. 

0074. In a state where wafers 10 are unloaded from the 
reaction furnace 1 and the reaction furnace 1 is air-tightly 



US 2009/023938.6 A1 

closed, the temperature in the reaction furnace 1 is lowered to 
about half of the film forming temperature at a temperature 
lowering rate of at least 10°C./min or more, more preferably 
20°C/min or more and in this state, inert gas is purged. This 
series of operations is carried out while controlling the heater 
5, the forcibly cooling apparatus 40, the gas Supply system, 
the exhaust system and the like by the control means 20. The 
purging in the furnace is called a low temperature purging 
(LTP). 
0075. A preferable temperature increasing rate when the 
temperature is to be increased before the temperature in the 
furnace is lowered in the LTP is 3°C/min or more, preferably 
10 to 100° C./min, and more preferably 30 to 100°C/min. A 
preferable temperature lowering rate when the temperature in 
the furnace is to be lowered is 3°C./min or more, preferably 
10 to 100° C./min, and more preferably 20 to 100° C./min. 
0076. When the discharging operation of the wafers 10 
from the boat 9 in the substrate transfer chamber 11 is com 
pleted, a desired number of next wafers 10 are charged into 
the boat 9 by the substrate transfer device (Wafer charge). At 
the same time, the temperature in the furnace is increased to 
a standby temperature, e.g., 600° C. If the wafers 10 are 
charged into the boat 9, the boat 9 is moved upward by the 
boat elevator 15, the boat 9 is loaded into the reaction furnace 
1 (Boat Load), and the next batch processing is continued. 
0077. A reason why the temperature in the furnace is 
increased from 400° C. to 600° C. before the boat is loaded 
after the LTP is that the temperature in the furnace increasing 
time after the boat is loaded in next film forming operation is 
shortened, and total film forming time is shortened. If the 
temperature in the furnace is held at 400° C. which is the 
temperature lowering end of the LTP after the LTP, it is 
necessary to load the boat at 400° C. at the next film forming 
operation and to increase the temperature in the furnace from 
400° C. to 760° C. (by 360° C.), and the temperature increas 
ing time is increased. If the temperature in the furnace is 
increased to 600° C. after the LTP, the boat can be loaded at 
600° C. at the next film forming operation and then, the 
temperature in the furnace may be increased from 600°C. to 
760°C. (by 160° C.), and the temperature increasing time can 
be shortened. If the temperature in the furnace when the boat 
is to be loaded is excessively high, the wafer may be warped. 
The temperature in the furnace is set to 600° C. while taking 
this problem into consideration. 
0078. In the water processing, in a state where the reaction 
furnace 1 is air-tightly closed after the boat is unloaded (in a 
state where there is no wafer 10 in the reaction furnace 1), N. 
is purged from the reaction furnace 1 under the atmospheric 
pressure and in this state, air is exhausted under the atmo 
spheric pressure. At the same time, the temperature in the 
furnace is lowered (reduced) from 800° C. to 400° C. by the 
forcibly cooling mechanism 40 at a temperature lowering rate 
of 20°C/min or more. By lowering the temperature in this 
manner, stress of the reaction by-product deposited film 
adhered to an inner surface of the reaction furnace 1 is 
increased as compared with a case of natural air cooling 
(temperature lowering rate s3°C./min), the thermal stress is 
positively generated, and cracking greater than that of the 
natural cooling is forcibly generated in the deposited film. By 
purging gas from the reaction furnace 1 under the atmo 
spheric pressure, fine particles Scattered by the generated 
cracking are forcibly and efficiently discharged out from the 
reaction furnace 1. 
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007.9 The temperature in the furnace when films are 
formed is higher than the temperature lowering end tempera 
ture (400° C.) in the LTP by several hundred degrees, and 
stress of a deposited film whose temperature was once low 
ered (400° C.) is moderated. Therefore, new cracking is pre 
vented from being generated when SiN films of next batch 
processing are to be formed. It is found that if the temperature 
is increased, stress of the deposited film is reduced, and since 
the stress of the deposited film is reduced when films are to be 
formed, the possibility that a new cracking is generated when 
films are formed is further reduced. 
0080 Cracking is previously generated in a deposited 
film, and fine particles generated when the cracking is gener 
ated is forcibly discharged out from the reaction furnace 1 
before a boat is loaded. Therefore, wafers are processed in a 
state where there are no fine particles. Since particles which 
are generated by the cracking in the deposited film can effi 
ciently be removed, the reaction furnace 1 may be cleaned 
before the deposited film is peeled. According to the present 
invention, time period during which a deposited film is peeled 
can largely be increased. Therefore, it is possible to largely 
increase the time interval between cleaning periods of the 
reaction furnace 1 (time elapsed before thickness of a depos 
ited film becomes 25um). 
I0081. Since the coefficients of thermal expansion of SiC 
and SiN are close to each other, large stress difference is not 
generated so much between SiC and SiN. Therefore, when a 
reaction tube such as the outer tube 3 and the inner tube 4 is 
made of SiC, excellent effect of the LTP can not be expected 
so much. Since the coefficients of thermal expansion of SiO, 
(quartz) and SiNare largely different from each other, a stress 
difference therebetween is large. That is, the LTP is especially 
effective when a reaction tube made of quartz is used and SiN 
films are formed. 

First Example 

I0082 Next, an experiment carried out for finding out a 
relation between a temperature lowering width in the LTP and 
generated particles will be explained below as a first example. 
I0083. Using the wafer processing method in the above 
embodiment, SiN films, especially SiNa films whose film 
thickness of one film-formation was 1500 A or higher were 
formed on silicon wafers of p300 mm. DCS (SiHCl) and 
NH were used as reaction gases and the film forming tem 
perature was 730° C. to 800° C. The temperature lowering 
rate in the LTP was 20° C./min. The processing was carried 
out while varying the temperature lowering width between 
three values, i.e., 300° C., 400° C. and 800° C., and the 
number of particles after the processing in each case was 
measured. 

I0084 FIG. 4 shows a result of the measurement (relation 
between particles and the temperature lowering width in the 
LTP). A horizontal axis shows the temperature lowering 
width (C.) in the LTP, and a vertical axis shows the number 
of particles (the number of particles/wafer) which are adhered 
to a wafer and which is 0.13 um or greater. In FIG. 4, T 
represents a top wafer and B represents a bottom wafer. From 
FIG.4, it can be found that the number of particles is about 60 
to 70 when the temperature lowering width is 300° C., and the 
number of particles is 40 or less when the temperature low 
ering width is 400° C. That is, if the temperature lowering 
width is 400° C. (about 50% of film forming temperature) 
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when the film forming temperature is 730° C. to 800° C., the 
particles can largely be reduced (at least 40 particles or less). 

Second Example 

0085 Next, an experiment carried out for finding out a 
relation between a temperature lowering width in the LTP and 
generated particles will be explained below as a second 
example. 
I0086 According to the wafer processing method of the 
above example, SiN films, especially SiNa films whose film 
thickness of one film-formation was 1500 A or higher were 
formed on silicon wafers of p300 mm. DCS (SiHCl) and 
NH were used as reaction gases and the film forming tem 
perature was 730° C. to 800° C. The temperature lowering 
width in the LTP was 400°C. The processing was carried out 
while varying the temperature lowering rate between three 
values, i.e., 0° C./min, 4° C./min and 20° C./min, and the 
number of particles after the processing in each case was 
measured. 
0087 FIG. 5 shows a result of the measurement (relation 
between particles and the temperature lowering rate in the 
LTP). A horizontal axis shows the temperature lowering rate 
(C/min) in the LTP, and a vertical axis shows the number of 
particles (the number of particles/wafer) which are adhered to 
a wafer and which is 0.13 Lum or greater. In FIG. 5, T repre 
sents a top wafer and B represents a bottom wafer. In FIG. 5, 
when the temperature lowering rate is set to 0°C./min (i.e., 
when the temperature is not lowered), the number of particles 
of the top wafer is about 460, and the number of particles of 
the bottom water is about 60. When the temperature lowering 
rate is set to 4°C./min, the number of particles of the top wafer 
is about 100 or more, and the number of particles of the 
bottom water is about 70. When the temperature lowering rate 
is set to 20°C/min, the number of particles of the top wafer 
and the number of particles of the bottom water are both 30 or 
less. That is, if the temperature lowering rate in the LTP is set 
to 20°C./minor higher, the number of particles can largely be 
reduced (at least 30 or less). As a result of another experiment, 
it could be checked that if the temperature lowering rate was 
set to at least 10°C/min or higher, the number of particles 
could largely be reduced as compared with the natural cool 
1ng. 

Third Example 

0088 Next, an experiment carried out for finding out a 
relation between particles and accumulated film thickness at 
the time of the LTP will be explained below as a third 
example. 
0089. According to the wafer processing method of the 
above example, SiN films, especially SiNa films whose film 
thickness of one film-formation was 1500 A (150 nm) or 
higher were formed on silicon wafers of p300 mm. DCS 
(SiH,Cl) and NH were used as reaction gases and the film 
forming temperature was 730°C. to 800° C. The temperature 
lowering width in the LTP was 400° C., and the temperature 
lowering rate was 20° C./min. Wafer cooling time was 15 
minutes and wafer collecting time was 15 minutes. Therefore, 
the LTP was carried out simultaneously with these events 
within this total time (30 minutes) so that throughput is not 
lowered. In this example, the total time of the LTP was 30 
minutes (temperature increasing time before the temperature 
is lowered was 10 minutes and the temperature lowering time 
was 20 minutes). Under such conditions, wafers were sub 
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jected to continuous batch processing, and after the batch 
processing, the number of particles adhered to the wafer was 
measured. 
0090 FIG. 6 shows a result of the measurement (a relation 
between particles and accumulated film thickness). A hori 
Zontal axis shows the number of continuous batch processing 
(Run No.), a left vertical axis shows the number of particles 
which adheres to the wafer (the number of particles/wafer), 
and a right vertical axis shows accumulated film thickness 
(nm). In FIG. 6, TOP represents a top wafer and BOTTOM 
represents a bottom wafer. A bar graph shows the number of 
particles, and a line graph shows accumulated film thickness. 
From FIG. 6, it can be found that the number of particles is 
about 50 or less until Run No. 119 (119th batch processing) 
was carried out, i.e., until the accumulated film thickness 
became 23 um (23000 nm). The present inventors performed 
an experiment and could check that the number of particles 
became 50 or less even if the accumulated film thickness 
exceeded 25um (25000 nm). 
0091. When the present invention is not carried out, if the 
accumulated (cumulative) film thickness exceeds 1 um (1000 
nm), the number of particles is abruptly increased and largely 
exceeds 200. If the present invention is carried out, however, 
the number of particles becomes 50 or less even if the accu 
mulated film thickness exceeded 25 um (25000 nm). In the 
case of this example, the film thickness accumulated during 
one batch processing is 0.15 um (150 nm). Therefore, in the 
conventional technique, to make it possible to form films 
while suppressing the number of particles to 50 or less, the 
continuous batch processing can be carried out only about 
seven times. If the present invention is carried out, however, 
the continuous batch processing can be carried out about 167 
times. That is, the time interval between the cleaning time 
periods of the reaction furnace can largely be increased, and 
the cleaning frequencies of the reaction furnace can largely be 
reduced. 
0092. The entire disclosure of Japanese Patent Application 
No. 2003-327358 filed on Sep.19, 2003 including specifica 
tion, claims, drawings and abstractare incorporated herein by 
reference in its entirety. 
0093. Although various exemplary embodiments have 
been shown and described, the invention is not limited to the 
embodiments shown. Therefore, the scope of the invention is 
intended to be limited solely by the scope of the claims that 
follow. 

INDUSTRIAL APPLICABILITY 

0094. As explained above, according to the preferred 
embodiment of the present invention, cracking is forcibly 
generated in a deposited film produced in the reaction furnace 
before films are formed, and fine particles produced when the 
cracking is generated are discharged out. Therefore, it is 
possible to restrain fine particles from being generated when 
films are formed, and films of high quality can be formed. 
Since the cleaning operation of the reaction furnace may be 
carried out before the deposited film is peeled, there are 
excellent effects that time interval between the cleaning time 
periods is increased, maintenance performance is enhanced, 
an availability factor is enhanced, and the processing time is 
not increased as compared with the conventional technique. 
0.095 As a result, the present invention can preferably be 
utilized for a producing method of a semiconductor device 
having a film forming step using the CVD and for a substrate 
processing apparatus which can preferably carry out the film 
forming step. 
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1. A producing method of a semiconductor device, com 
prising: 

loading a substrate into a reaction furnace; 
forming a film on the Substrate in the reaction furnace; 
unloading the substrate from the reaction furnace after the 

film has been formed; and 
forcibly cooling an interior of the reaction furnace, by a 

forcibly cooling device disposed outside the reaction 
furnace covering the reaction furnace, in a state where 
the substrate does not exist in the reaction furnace after 
the substrate has been unloaded. 

2. A producing method of a semiconductor device as 
recited in claim 1, wherein 

the forcibly cooling of the interior of the reaction furnace 
comprises making cooling medium flow outside the 
reaction furnace by the forcibly cooling device. 

3. A producing method of a semiconductor device as 
recited in claim 1, wherein 

the forcibly cooling of the interior of the reaction furnace 
comprises making cooling medium flow outside the 
reaction furnace while exhausting atmosphere gas at 
high temperature outside the reaction furnace by the 
forcibly cooling device. 

4. A producing method of a semiconductor device as 
recited in claim 1, wherein 

the forcibly cooling of the interior of the reaction furnace 
comprises rapidly cooling the interior of the reaction 
furnace by the forcibly cooling device. 

5. A producing method of a semiconductor device as 
recited in claim 1, wherein 

the forcibly cooling of the interior of the reaction furnace 
comprises performing purging in the reaction furnace 
while forcibly cooling the interior of the reaction fur 
nace by the forcibly cooling device. 

6. A producing method of a semiconductor device as 
recited in claim 1, wherein 

the forcibly cooling of the interior of the reaction furnace 
comprises: forcibly cooling the interior of the reaction 
furnace by the forcibly cooling device thereby forcibly 
generating cracks in a deposited film formed in the reac 
tion furnace; and performing purging in the reaction 
furnace thereby discharging particles generated when 
the cracks are generated out of the reaction furnace. 

7. A producing method of a semiconductor device as 
recited in claim 1, wherein 

the forcibly cooling of the interior of the reaction furnace 
comprises making gas flow in the reaction furnace 
thereby performing purging in the reaction furnace, 
while making cooling medium flow outside the reaction 
furnace by the forcibly cooling device thereby forcibly 
cooling the interior of the reaction furnace. 

8. A producing method of a semiconductor device as 
recited in claim 1, further comprising cleaning the interior of 
the reaction furnace. 

9. A producing method of a semiconductor device, com 
prising: 

loading a substrate into a reaction furnace; 
forming a film on the Substrate in the reaction furnace; 
unloading the substrate from the reaction furnace after the 

film has been formed; and 
making gas flow in the reaction furnace thereby performing 

purging in the reaction furnace, while making cooling 
medium flow outside the reaction furnace thereby forc 
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ibly cooling the interior of the reaction furnace, in a state 
where the substrate does not exist in the reaction furnace 
after the substrate has been unloaded. 

10. A producing method of a semiconductor device, com 
prising: 

loading a Substrate into a reaction furnace; 
forming a film on the Substrate in the reaction furnace; 
unloading the substrate from the reaction furnace after the 

film has been formed; 
performing purging in the reaction furnace, while making 

cooling medium flow outside the reaction furnace by a 
forcibly cooling device disposed outside the of the reac 
tion furnace, in a state where the Substrate does not exist 
in the reaction furnace after the substrate has been 
unloaded; and 

cleaning the interior of the reaction furnace after repeating 
the Substrate loading, the film forming, the Substrate 
unloading and the purging in the reaction furnace. 

11. A producing method of a semiconductor device as 
recited in claim 10, further comprising repeating the Substrate 
loading, the film forming, the Substrate unloading and the 
purging in the reaction furnace after the cleaning of the inte 
rior of the reaction furnace. 

12. A Substrate processing apparatus, comprising: 
a reaction furnace which forms a film on a Substrate; 
a film-forming gas Supply line which Supplies film-form 

ing gas into the reaction furnace; 
a purge gas Supply line which Supplies purge gas into the 

reaction furnace; 
an exhaust line which exhausts the reaction furnace; 
a transfer device which loads and unloads the substrate to 

and from the reaction furnace; 
a forcibly cooling device which forcibly cools an interior of 

the reaction furnace and which is disposed outside the 
reaction furnace covering the reaction furnace, and 

a controller which controls the forcibly cooling device such 
that the forcibly cooling device forcibly cools the inte 
rior of the reaction furnace in a state where the substrate 
does not exist in the reaction furnace after the substrate 
has been unloaded from the reaction furnace. 

13. A Substrate processing apparatus as recited in claim 12, 
wherein 

the controller is configured such that the controller controls 
the forcibly cooling device and the purge gas Supply line 
Such that the purge gas Supply line Supplies the purge gas 
into the reaction furnace thereby performing purging in 
the reaction furnace, while the forcibly cooling device 
forcibly cools the interior of the reaction furnace in a 
state where the substrate does not exist in the reaction 
furnace. 

14. A Substrate processing apparatus as recited in claim 12, 
wherein 

the controller is configured such that the controller controls 
the forcibly cooling device and the purge gas Supply line 
Such that the purge gas Supply line makes the purge gas 
flow in the reaction furnace thereby performing purging 
in the reaction furnace, while the forcibly cooling device 
makes cooling medium flow outside the reaction furnace 
thereby forcibly cooling the interior of the reaction fur 
nace in a state where the Substrate does not exist in the 
reaction furnace. 


